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(54) Process for producing purified aqueous hydrogen peroxide solution and apparatus 



(57) The present invention provides a process for 
producing a purified aqueous hydrogen peroxide solu- 
tion comprising passing a charged aqueous hydrogen 
peroxide solution containing impurities through a purifier 
tower packed with an ion exchange resin, a chelate resin 
or an adsorption resin to thereby purify the charged 
aqueous hydrogen peroxide solution, wherein there are 
provided a feed pump of given output capable of causing 
the charged aqueous hydrogen peroxide solution to flow 
to the purifier tower and further a flow sensor capable 
of sensing a flow rate of charged aqueous hydrogen per- 
oxide solution being fed to the purifier tower and wherein 
the output of the feed pump is controlled in cooperation 
with the flow sensor so as to bring the charged aqueous 
hydrogen peroxide solution into contact with the ion ex- 
change resin, chelate resin or adsorption resin while 
maintaining the flow of charged aqueous hydrogen per- 
oxidesolution at a constant rate. In this process, not only 
can remaining of bubbles in the purifier tower be avoided 
but also pressure and temperature increases can be 
prevented in the purification operation, so that the aque- 
ous hydrogen peroxide solution can be brought into con- 
tact with the ion exchange resin, etc. safely and efficient- 
ly- 
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[0001] The present invention relates to a process for producing a purified aqueous hydrogen perox.de solut.o and 
an apparatus therefor More particularly, the present invention is concerned with a process for producing a h.gh-punty 
aoXs^ whereby impurities can be removed from a charged (crude) aqueous hydrogen 

peroxide solution with high reproducibility, and an apparatus therefor. ^ innnanDranr in„in 
r00021 Aqueoushydrogen peroxide solution is widely used in many fields, for example, for bleaching paper and pulp 
ind a a componen in chemL polishing fluids. In recent years, aqueous hydrogen peroxide solution has increas.ng 
been used in the electronic industry, for example, as a cleaning agent for silicon wafers and as a cleaning agent m 
p odu t on pro esses of semiconductors. Accordingly, there is a demand for aqueous hydrogen P*""»"^ 
enhancedquality in purity as obtained by minimizing the content of various impurities .n the aqueous hydrogen peroxide 

mOoT' Generally, hydrogen peroxide is now produced exclusively by the anthraquinone process In the anthraqui- 
none process f irs , aderivatrve of anthraquinone, such as a 2-alkylanthraquinone, is hydrogenated into anthrahydro- 
quno^einthe presence of a hydrogenation catalyst in a water-insoluble so^ent. Subsequently, the catafyst.s remove^ 
and he reactfon product is oxidized with air. Thus, not only is the original ^a'Manthraquinone regener^ ec buta 
hydrogen peroxide is produced at the same time. The produced hydrogen peroxide ,s extracted from the ox.dahon 
product with water to thereby obtain an aqueous solution containing hydrogen peroxide. Th,s process is generally 
ownasTeanthraqui 

none autoxidation process contains inorganic ion/compound impurities, such as Al, Fe, Cr, Na and S., attributed to, for 
exam le he materials constituting the apparatus Therefore, the aqueous hydrogen peroxide eohrton is subjected to 
TuSon operation for removing such impurities to thereby attain a high purity in accordance w,th the required quality 

l P oT U Es r p ecia.^ in the electronic industry, an extremely high purity is required for the aqueous hydrogen peroxide 
solution It is required that, in the aqueous hydrogen peroxide solution, the content of organic ,mpur.t.es be no greater 
han 0 ppm and the content of metal ion impurities be not greater than 1 ppb. For the removal of ,mpur .ties from he 
aqueous hydrogen peroxide solution, it is generally known to employ an ion exchange resm. a chelate ^res.n ana* 
sorption resin or the like. When the removal of impurities is carried out on an industrial scale wi h the use of s ch a 
resin, there is commonly employed the continuous liquid pass method (tower process) which ensures h.gh operation 
30 efficiency and high removing efficiency. „ r „hi om that 

[0005] The purification of aqueous hydrogen peroxide so.ution by the tower process involves such a problem .that 
bubbles are formed by autolysis of hydrogen peroxide, which is a property peculiar to hydrogen peroxide and the 
bubbles stick to resin circumstances to thereby lower purification efficiency, i.e impurrty removing eff ,c ency 
[0006] As a means for solving this problem, for example, Japanese Patent Laid-open Publication ^^ 9(19^504 
discloses a process in which an upper part of an ion exchange resin tower is pressunzed so as to nam* the solubility 
of bubbles formed by autolysis of hydrogen peroxide, thereby eliminating bubbles from the purifier tower. 
0007] H wTver, the process disc.osed in Japanese Patent Laid-open Publication No. 9(1 997)-77504 has a drawback 
n tha the content of metal ion impurities in purified aqueous hydrogen peroxide solution is 1 ppb. wh.ch . not neces- 
sarilv satisfactory level and that quality reproducibility is poor. Moreover, when the operation t,me .s prolonged, it may 
S^t^^icurnuaJed in the'ion exchange resin tower with the resuK that the area of contact between 
kS? exchange resin and aqueous hydrogen peroxide solution is decreased, or the complete adsorption band (part 
w ere the ads^on of impurity ions has been completed) or exchange band (part where ion exchange us being 
pertormed) of ion exchange resin is disordered. Consequently, satisfactory removal of impunt.es may ^h.b.ted and 
SeTthe passing of aqueous hydrogen peroxide so.ution may be hindered to thereby bring about problems such as 
45 oressurization and temperature rise within the ion exchange resin tower. 

mm t toese circumstances, the inventors have made extensive and intensive studies with a view toward solving 
^^S^a resu.t it has been found that, when the aqueous hydrogen peroxide solution ,s punf.ed by 
conS 

capable of sensing a flow rate* charged aqueous hydrogen peroxide solution being fed to a pur ,f*r tewer o as o 
5 o bring the charged aqueous hydrogen peroxide solution into contact with an .on exchange resin ^T^^ 
flow of charged aqueous hydrogen peroxide solution at a constant rate, the ,mpur,t,es of aqueous hydrogen peroxide 
21 can'be removed to" the order of ppt (parts per 10«). It has also been found that n tha. P«^^ 
not only is the reproducibility of impurity removing level very high but also the pressurizat.cn and temperature nse 
during purification can be avoided to thereby realize a safe purification of aqueous hydrogen peroxide solution. The 
55 present invention has been completed on the basis of these findings. 

?0009? When the aqueous hydrogen peroxide solution is purified by bringing the aqueous hydrogen peroxide solution 
2 , contact wtth an L exchange resin, a chelate resin or an adsorption resin while maintaining the flow of aqueous 
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of bubbles to the ion exchange resin, etc. within the purifier tower can be suppressed. Further, in this purification 
process not only can remaining of bubbles in the purifier tower be avoided but also disordering of the complete ad- 
sorption band or ion exchange band can be suppressed. Still further, in this purification process : the aqueous hydrogen 
peroxide solution can be easily passed through the purifier tower. Thus ; the purification efficiency of aqueous hydrogen 
peroxide solution is high. 

[001 0] It is an object of the present invention to p rovide a process for producing a purified aqueous hydrogen peroxide 
solution which process is free from any disordering of ion exchange band during purification, free from remaining of 
bubbles in a purifier tower and free from any pressurization or temperature rise within the purifier tower to thereby 
enable effecting a safe and efficient contact of aqueous hydrogen peroxide solution with an ion exchange res.n or the 
like. It is another object of the present invention to provide an apparatus for producing a purified aqueous hydrogen 
peroxide solution, which apparatus is suitable for the above process. 

[0011] The process for producing a purified aqueous hydrogen peroxide solution according to one aspect of the 
present invention comprises passing a charged aqueous hydrogen peroxide solution containing impurities through a 
purifier tower packed with an ion exchange resin : a chelate resin or an adsorption resin to thereby purify the charged 
aqueous hydrogen peroxide solution, wherein there are provided a feed pump of given output capable of causing the 
charged aqueous hydrogen peroxide solution to flow to the purifier tower and further a flow sensor capable of sensingthe 
flow rate of charged aqueous hydrogen peroxide solution being fed to the purifier tower and wherein the output of the 
feed pump is controlled in cooperation with the flow sensor so as to bring the charged aqueous hydrogen peroxide 
solution into contact with the ion exchange resin, chelate resin or adsorption resin while maintaining the flow of charged 
aqueous hydrogen peroxide solution at a constant rate. In this process, it is preferred that the output of the feed pump 
for the charged aqueous hydrogen peroxide solution be controlled by means of an inverter. 

[0012] The apparatus for producing a purified aqueous hydrogen peroxide solution according to another aspect of 
the present invention comprises at least one purifier tower packed with an ion exchange resin ; a chelate resin or an 
adsorption resin, through which a charged aqueous hydrogen peroxide solution containing impurities is passed so as 
to effect contact thereof with the ion exchange resin, chelate resin or adsorption resin, thereby purifying the charged 
aqueous hydrogen peroxide solution, 
which apparatus further comprises: 

a feed pump of given output capable of causing the charged aqueous hydrogen peroxide solution to flow to the 
purifier tower, 

a flow sensor capable of sensingthe flow rate of charged aqueous hydrogen peroxide solution being fed to the 
purifier tower by means of the feed pump, and 

a flow control unit capable of controlling the output of the feed pump on the basis of a detection result of the flow 
sensor so as to maintain the flow of charged aqueous hydrogen peroxide solution being fed to the purifier tower 
at a constant rate. 

[0013] When control is effected so as to maintain the flow of aqueous hydrogen peroxide solution at a constant rate 
as aforementioned, remaining of gas in the purifier tower packed with an ion exchange resin can be avoided. Further, 
disordering of ion exchange band can be avoided, and an impurity ion adsorption layer (ion exchange band) can be 
formed perpendicularly to the flow rate and sharply. Thus : a lowering of purification efficiency can be avoided. 
[0014] The flow rate of aqueous hydrogen peroxide solution being fed into the purifier tower is preferably 5 to 40 hr 
in terms of space velocity. The flow rate of aqueous hydrogen peroxide solution is preferably controlled so that its 
variation falls within the range of ± 2.5%. 

[001 5] In the process for producing a purified aqueous hydrogen peroxide solution according to the present invention, 
it is preferred that any part brought into contact with the aqueous hydrogen peroxide solution be composed of a fluor- 
oresin. 

Fig. 1 is a schematic diagram showing the flow of operation of the process for producing a purified aqueous hy- 
drogen peroxide solution according to the present invention; 

Fig. 2 is a schematic diagram of a flange as a constituent of a strainer for use in a purifier tower lo be installed in 
the process for producing a purified aqueous hydrogen peroxide solution according to the present invention; 
Fig. 3 is a schematic diagram showing the flow of operation of the process for producing a purified aqueous hy- 
drogen peroxide solution, performed in Example 1; and 

Fig. 4 is a schematic diagram showing the flow of operation of the process for producing a purified aqueous hy- 
drogen peroxide solution., performed in Comparative Example 1 . 

[0016] The process for producing a purified aqueous hydrogen peroxide solution according to the present invention 
will be described in detail below. Herein, %, ppm, ppb and ppt are all on the weight basis. 
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[0017] In the present invention, the process for producing a purified aqueous hydrogen peroxide solution according 
to one aspect of the present invention comprises passing a charged aqueous hydrogen peroxide solution containing 
impurities through a purifier tower packed with an ion exchange resin, a chelate resin or an adsorption resin to thereby 
purify the charged aqueous hydrogen peroxide solution, wherein there are provided a feed pump of given output capable 

5 of causing the charged aqueous hydrogen peroxide solution to flow to the purifier tower and further a flow sensor 
capable of sensing a flow rate of charged aqueous hydrogen peroxide solution being fed to the purifier tower and 
wherein the output of the feed pump is controlled in cooperation with the flow sensor so as to bring the charged aqueous 
hydrogen peroxide solution into contact with the ion exchange resin, chelate resin or adsorption resin while maintaining 
the flow of charged aqueous hydrogen peroxide solution at a constant rate. 

w [0018] This invention will be specified with reference to the flow diagram of Fig. 1 . Fig. 1 is a flow diagram showing 
one mode of process for producing a purified aqueous hydrogen peroxide solution according to the present invention. 
In Fig. 1, numerals 11, 13 denote lines; numeral 12 a purifier tower; numeral 14 a liquid feed pump; numeral 15 an 
inverter; numeral 16 a flow sensor; numeral 17 a pressure sensor; numeral 18 a temperature sensor; and numeral 19 
a level sensor. 

15 [0019] A charged aqueous hydrogen peroxide solution is fed through line 1 1 into purifier tower 1 2 by means of liquid 
feed pump 1 4. The aqueous hydrogen peroxide solution is brought into contact with an ion exchange resin in the purifier 
tower 12, drawn from the purifier tower 12 and passed through line 13 into other purifier tower(s) for contact with an 
ion exchange resin. The thus purified aqueous hydrogen peroxide solution is collected in a tank, subjected to concen- 
tration adjustment and product inspection, stocked, packed and delivered. 

20 [0020] As the charged aqueous hydrogen peroxide solution which can be employed in the present invention, there 
can be mentioned those produced by known processes, such as the anthraquinone autoxidation process and the direct 
synthesis process in which hydrogen is directly reacted with oxygen. 

[0021] The charged aqueous hydrogen peroxide solution generally contains metal ion impurities on the order ol parts 
per billion (ppb) to tens of parts per million (ppm). As impurities contained in the charged aqueous hydrogen peroxide 

25 solution there can be mentioned metal ion impurities such as those of Ag, Al. As, Au, B, Ba ; Be : Bi, Ca, Cd, Co : Cr, 
Fe, Ga. Ge. In, K, Li, Mg, Mo, Na, Nb, Ni, Pb. Pd, Pt, Sb, Sr, Ta, Ti, Tl, V, Zn and Zr, and further silicon oxide impurities 
and organic impurities. These impurities are attributed to, for example, residues of catalysts, etc. used in the production 
of aqueous hydrogen peroxide solution by the anthraquinone process, anthraquinone decomposition products, solvents 
used in the production of aqueous hydrogen peroxide solution, water used in production (e.g., extraction, distillation 

30 and dilution) of an aqueous hydrogen peroxide, floating dust in the air and materials of production apparatus. 

[0022] As aforementioned, in the present invention, the charged aqueous hydrogen peroxide solution is fed through 
the line 11 into the purifier tower 12 by means of the liquid feed pump 14. The line 11 is fitted with flow sensor 16. 
Signal from the flow sensor 1 6 is sensed by inverter 1 5. The inverter 1 5 controls the output of the liquid feed pump 1 4 
so as to maintain the flow of aqueous hydrogen peroxide solution at a constant rate. 

35 [0023] The flow sensor 1 6 is appropriately selected from among those of the vortex type, the paddle type, the elec- 
tromagnetic type, the ultrasonic type and other types. All of these flow sensors measure the flow velocity and flow 
quantity and feeds signals back to the inverter for controlling of the output of the liquid feed pump. Among the flow 
sensors, those of the vortex type and the paddle type are preferred. 

[0024] In the present invention, controlling is effected so that the flow of aqueous hydrogen peroxide solution being 
40 fed into the purifier tower is maintained at a constant rate. Thus, sticking of formed bubbles to. for example, the ion 
exchange resin and consequently remaining in the purifier tower can be avoided. As a result, a decrease of the area 
of contact of aqueous hydrogen peroxide solution with the ion exchange resin or the like and also disordering of the 
above complete adsorption band or exchange band can be avoided for a prolonged period of time. Therefore, the 
impurity removing efficiency can be held high for a prolonged period of time. 
45 [0025] In the present invention, the space velocity (SV) at which the aqueous hydrogen peroxide solution is passed 
through the purifier tower 12 is preferably in the range of 5 to 40 hri, still preferably 1 0 to 30 hrV It is preferred that 
controlling be effected so that the variation of flow rate of aqueous hydrogen peroxide solution falls within the range 
of ± 2.5%. This flow control enables highly efficient expelling and removing of bubbles without remaining thereof in the 
purifier tower. 

so [0026] The aqueous hydrogen peroxide solution introduced in the purifiertower 1 2 is passed through a center nozzle 
(not shown) provided inside the purifier tower so that the aqueous hydrogen peroxide solution is caused to uniformly 
flow downward. The ion exchange resin, chelate resin or adsorption resin is preferably packed in the purifiertower so 
as to occupy 40 to 80%, still preferably 45 to 75%, of the internal volume of the punlier tower. 
[0027] Referring to Fig. 1 , the purifiertower 1 2 is generally fitted with level sensors 1 9 arranged with a given distance 

55 vertically so as to maintain the liquid level in order to prevent drying of the ion exchange resin or the like. As the level 
sensor, use can be made of those of the photovoltaic type and the electrostatic capacity type. Of these, the level sensor 
of the electrostatic capacity type is preferred. The level sensors 19 sense the presence of liquid as a signal. When the 
liquid level is below the lower limit of level sensor, that is, when the liquid surface is detected by the under level sensor 
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1 9, the internal pressure of the purifier tower 1 2 is increased to excess, so that a separate level control unit (not shown) 
is operated. Thus, bleeder valve 20 disposed at the top of the purifier tower is opened while a valve disposed at the 
bottom of the purifier tower is closed to thereby reduce the internal pressure of the purifier tower through the bleeder 
valve 20. As a result, the liquid surface is returned to normal. 
5 [0028] On the other hand, when the liquid surface is sensed at the upper limit of level sensor, that is, when the liquid 
surface is detected by the upper level sensor 19, the internal pressure of the purifier tower 12 is decreased to excess, 
so that a separate level control unit (not shown) is operated. Thus, the bleeder valve 20 disposed at the top of the 
purifier tower is closed while the valve disposed at the bottom of the purifier tower is opened. As a result, the liquid 
surface is returned to normal. 

10 [0029] In the present invention, it is preferred that the pipes for liquid feeding and the internal wall of the purifier tower 
be composed of a fluororesin. That is, it is preferred that the parts brought into contact with the aqueous hydrogen 
peroxide solution be composed of a fluororesin. When these liquid contact parts are composed of a fluororesin, mixing 
of impurities from constituent members can be inhibited. In the prior art, hard glass, quartz, vinyl chloride resin, acrylic 
resin, FRP and steel having linings made from urethane, etc. are commonly employed as materials of purification 

15 apparatus, and it has occurred that impurities are leached from such materials into an aqueous hydrogen peroxide 
solution. 

[0030] The practical method of constituting the liquid contact parts by a fluororesin comprises, for example, preparing 
the member per se from a fluororesin, or lining or coating a stainless steel or the like with a fluororesin. 
[0031] As the fluororesin, generally, 

20 polytetrafluoroethylene resin (PTFE) and tetrafluoroethylene/perf luoroalkyl vinyl ether copolymer resins (PFA) can ap- 
propriately be employed because these are free from metal leaching and because these are stable and are not dete- 
riorated in hydrogen peroxide. In recent years, in accordance with the progress of processing technology, a stainless 
steel as a base material can be lined or coated with such fluororesins. Now, large-size lined (coated) vessels and large- 
size lined (coated) tower, equipment, piping, etc. are being fabricated, and these are utilized without any problem even 

25 under superatmospheric or reduced pressure conditions. As other available fluororesins, there can be mentioned, for 
example, tetrafluoroethylene/hexafluoropropylene copolymer resin (FEP), polytrifluorochloroethylene resin (PCTFE) 
and tetrafluoroethylene/ethylene copolymer (ETFE). 

[0032] In particular, when the internal wall of the purifiertower 1 2 is composed of a fluororesin, the aqueous hydrogen 
peroxide solution located in the neighborhood of the internal wall surface is forced toward the center due to the water 
30 repellency of the fluororesin. Thus, short pass (short cut) of aqueous hydrogen peroxide solution on the internal wall 
surface (short pass of aqueous hydrogen peroxide solution along the internal wall surface) can be suppressed, i.e., 
passing of aqueous hydrogen peroxide solution without contacting with the ion exchange resin or the like can be 
avoided. As a result, the removal of impurities can be accomplished efficiently. 

[0033] Depending on the type of ion exchange resin, chelate resin or adsorption resin, the purifiertower 12. upstream 
35 thereof, may be provided with a heat exchanger for cooling. It is also preferred that the heat exchanger be composed 
of a fluororesin. 

[0034] The purifier tower 12 is preferably one capable of resisting a pressure of about 0.3 MPa/cm 2 . The purifier 
tower 12 is fitted with pressure sensor 17, and bleeding or other operation is performed according to necessity. 
[0035] A pressure sensor of the diaphragm type can be used, wherein a pressure change is transmitted by a dia- 

40 phragm to a pressure receiving part where the pressure change is converted to a signal. Specifically, when the pressure 
is increased, for example, when the pressure of the purifier tower packed with an anion resin exceeds 0.2 MPa, the 
possibility of decomposition of hydrogen peroxide is high. The pressure increase is sensed by the pressure sensor 17, 
and a separate pressure control unit (not shown) is operated. Thus, the liquid feed pump 1 4 is stopped, and the bleeder 
valve 20 disposed at the top of the purifier tower is opened. Further, cooled ultra-pure water is fed into the purifier 

45 tower, thereby discontinuing the production of purified aqueous hydrogen peroxide solution. 

[0036] Furthermore, the purifier tower 1 2 is fitted with temperature sensor 1 8, which is capable of sensing any heat 
build-up associated with processing of aqueous hydrogen peroxide solution so as to effect appropriate cooling. A 
temperature sensor of the thermocouple type or the resistance bulb type can be used, wherein an electromotive force 
or a resistance value is changed by temperature and the change thereof is converted to a signal. For example, when 

50 the temperature inside the purifier tower exceeds a given value, the decomposition of aqueous hydrogen peroxide 
solution is initiated. Thus, any internal temperature increase of the purifiertower is sensed by the temperature sensor 
18, and a separate temperature control unit (not shown) is operated. Accordingly, the liquid feed pump 14 is stopped, 
and the bleeder valve 20 disposed at the top of the purifier tower is opened. Further, cooled ultra-pure water is fed into 
the purifier tower, thereby discontinuing the production of purified aqueous hydrogen peroxide solution. 

55 [0037] The bottom part of the purifier tower 12 is fitted with a strainer (not shown). The strainer comprises a filter 
(not shown) and, disposed thereunder, flange 30 as shown in Fig. 2. 

[0038] The flange 30 has vertically through liquid drawoff port 32 at the center thereof and further has a plurality of 
substantially annular open grooves 34 formed in the form of concentric circles with a given spacing from the liquid 
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00 1 S - lor anion exchange resin can be appropriate^ selected depending on the type o targ .ons • 
En the anion exchanqe resin is in the form of carbonate ions or hydrogen carbonate ions, a known carbonate or 
Wcarb nate a s c as'sod m carb0 na,e, sodium bicarbonate, potassium carbonate or potassium bicarbonate can 
b use « the regenerant When the anion exchange resin is in the form of hydroxide ions, a strong alkal, such as 
slZX^ZZ plss^ hydroxide can be used as the regenerant. Further, when the anion exchange res n S 
meTom^ o fluoride tons, sodium fiuoride, potassium fluoride or ammonium fluoride can be used as the regenera m 
0052 The anion exchange resin is preferably one regenerated by repeating at least twice a step comprising treating 
TlJes™e"Tje*n with a'downflow of regenerant and thereafter washing the anion exchanj ; re,n w h 
an upflow of ultra-pure water. In the present invention, it is preferred that the regenerate be conducted by repeating 
cyc^p is g d P own*.ow of an aqueous solution of regenerant foHowed by the upflow of u . ^pure wa e, , a 
Sice especially 2 to 12 times. The treatment of anion exchange resin w,th an aqueous solut.on of regenerant .s 
leratSIe by passing the aqueous soiution of regenerant through the anion exchange resin, dl scharg.ng £he 
aqueous solution of regenerant and thereafter washing the anion exchange resin with ultra-pure water In he present 
mvemion 7'is preferred that the cycle of regenerant passing and ultra-pure water washing be repeated at least tw.ce. 
When he assC an aqueousso.ution o'f regenerant followed by passing of ultra-pure water is repeated, not only 
Tan thl regenera'ion be accomplished efficiently and uniformly but also, because of the shnnkage/swe.hng of an,on 
exchanae resin washinq can be effected to the inside of anion exchange resin. 

0053] T e Appropriate satt concentration of the aqueous regenerant solution is ir .the range of 2 to 0% by weig , 
preferably 2 to 8% by weight, when the anion exchange resin is in the form of hydrox.de tons; 5 to 15 /o by weight 
p e erab y 5 to 1 2% by weight, when the anion exchange resin is in the form of camonate or hydrogen carbona. e on 
7ii bv weioht preferably 2 to 4% by weight, when the anion exchange resin ,s .n the form of fluor.de ions. It 

of regJnera'nt be used in an amount o, a, leas, 3 times, especially 4 to 12 t.mes, 
the Quantity (volume) of anion exchange resin to be treated. 

0 54] Tni regenerant is generally passed downward a, a SV (space velocity] , ol 1 Ic > 5 hr and . a BV of 05 .ol 
L/L-R The subsequent washing is performed by passing ultra-pure water upward at a SV of 1 0 to 30 hr and at a BV 

roo°55i° Afte^me regenerant passing followed by ultra-pure water passing, an ultra-pure water washing cycle corn- 
El water and upflow of ultra-pure water is repeated 4 to 9 times to thereby effect complete 
washTn ^oUh^generated ion exchange resin. ,« is preferred that the upward passing of ultra-pure water be perfumed 
Tt a SV of 0 to 3? hr-i and at a BV of 3 to 5 UL-R and that the downward passing of ultra-pure water be also performed 
at a SV of 10 tc 3C ! hr" and at a BV of 3 to 5 L/L-R. The washing is preferably performed with 30 to 60 vo.umes of 

-erioration of resin and safety, i, is preferred that the contact of the anion 
exchange edn with the aqueous hydrogen peroxide solution be performed a. low temperature. In particular, more H* 
dtscrciation o, hydrogen peroxide may be contained in the aqueous hydrogen perox.de so uUon hav.g 
been treated with the HMype cation exchange resin in a previous stage, and the H + may .nduce an exothermic nea- 
ra on faction with anion exchange groups C0 3 * and HC0 3 . Therefore, ^£^*^£Z? 
solution is treated with the anion exchange resin, it is preferred that cooling be effected to 5 C or below in advance. 
roS In the process of the present invention, it is prefened that a plurality of towers packed with the above on 
exchange resm be connected each other in series when the charged aqueous hydrogen peroxide solut.cn ,s punf.ed. 
[0058] For example, preferred combinations of ion exchange resin towers are: 

(11 cation exchange resin tower-, anion exchange resin tower; 

(2) cation exchange resin tower - anion exchange resin tower _ cation exchange res.n (owe, . and 

(3) anion exchange resin tower -> cation exchange resin tower. 

[00591 Of these the combination of cation exchange resin tower anion exchange resin tower cation exchange 
e in owe s especial preferred. In particu.ar, impurities can be most effectively removed by treat.ng the charged 
so Z • " rogin peroxide solution with the use of the combination of H + -type cation «*"^ 

form anion exchange resin tower carbonate or bicarbonate-form anion exchange resin tower -> H -type cation 

SeoT 9 " the u°sTof a p.urality of ion exchange resin towers in combination, it is satisfactory to dispose the ftow 
enso and the flow control unit such as the liquid feed pump 14 may be arranged at a hne for feed.ng the charged 
55 aqueous hydrogen peroxide solution to the firs, purifier tower. However, other ion exchange resin towers can also be 
fittori with thp above flow sensor and flow control unit. 

ST M amounTs of Na* K- A?* and other matter contained in the charged aqueous hydrogen peroxide 
Eton as impurittos can be removed by sequen,ia,.y bringing the charged aqueous hydrogen perox.de solut.on .nto 
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contact with thecation exchange resin, the anion exchange resin and ^^T^^^^ 
of metal ion impurities can be accomplished to an extremely h.gh level (order of P J or wb When 
me an,on exchange resin in the huonde form, f^^^^^^^ZZ^^ 
peroxidesolution. Using.he anion ^^^^^^^^LL ions or hydrogen carbonate 

remain in the aqueous hydrogen peroxide solution. exchange resin 

•« o, J exchange -«ln. «-> » » «< « » — ions, and can ba. ... 

acid type chelate resins can preferably be used. functional group having a phosphonic 

too d 641 T i e rr e rs 

y.ene group, a phosphonic acid group, represented by the « W^g" S in the form o. a free 
phosphonic acid type chelate resins, although generally used w th rt ' P^* 0 ™ 5 a < ld 9™ P an ^ m Jne 

acid can also be used with its phosphonic acid gr oup being n t ^^"JJUpoW that, even if 

So] Porous resins having no ion exchange capability are used as the = ion «^ 
example, resins composed o, a styrene/divinylbenzene ^JJJ on Method us^g nJ Id about 
that the porous resins have a specific surface area (measured cordance w h he BET met g ^ ^ 

200 to about 900 nrtfe. especially 400 to 900 m*g, on the ^^^^^ pe P netration method) of about 
continuous and that the porous resins have a pore ™'^ m ^£* 5^SS.JL« can be, for example, 

Mitsubishi Chemical Corporation : Ltd. „^ ilGa * QuitahiP PxamDles of the halogenated porous 

[0066] As the adsorption resin, halogenated P^^ s^ch as styrene 

resins include a ha.ogenation product of a crosslmked polym r fmm a ^JJJJJJ^,^ a crosslinked polymer 
or vinyltoluene and an aromatic polyvinyl monomer ^ ^^^^^^^^ and an aromatic 
from a halogenated aromatic monovinyl monomer such as TOn ~ h ^2^Z^omer an aromatic monovi- 
polyviny, monomer; and a crosslinked polymer from a haloge ^ ^^^^^„^ products o. 
nyl monomer and an aromatic polyvinyl monomer Among l ^ ha '^^^^ B ^ ned 9 , or example, Sepa- 
a styrene/divinylbenzene copolymer are especa.ly preferred. As such there can be men H 
beads SP207 (trade name) composed of a brominated s *' en J^^ a ™ atic ^ vinyl 

of about 1 .2. Furthermore, a crosslinked polymer from an aroma ^™"^^^ r 4droxyalkyl group is intro- 
monomer, wherein a hydrophi.k, group such as a ^J^SS^SS formula" - CH 2 „CI, and 

duced, can also be used as the adsorption resin. The chtoroal kyl group s rep nyd rophilici.y is 

solution by carrying out the above purification process, thereby amoun ^^^^ emoved by com- 

Lac! ma, be »ed name or in cambm.bon. In «« ' ~ ^.^S^SSSL padcad Sth 
aguecms hydrogen parol* soluadn may » treated lira 3 ™ck.d«i» chelate r.alh) and thereat... 
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exchange resin tower -» fluoride-form anion exchange resin tower -» carbonate or bicarbonaterform anio n exchange 
resin tower HMype cation exchange resin tower is especially preferred. In the use of this combination, the impurity 

level of the aqueous hydrogen peroxide solution can be minimized. . . 

007oV I" the use of the chelate resin tower, adsorption resin tower and Ion exchange res.n tower ,n combin on he 
5 See pump 1 4 and flow sensor 1 6 may be disposed upstream of each of the purifier ^s^ayje disposed 
ri of the purifier tower through which the aqueous hydrogen peroxide solution ,s first passed 
mT7E£S& preferred that the liquid feed pump 14 be disposed upstream o, the adsorption resin tower and 
!°lim o F^the ton exchange resin tower Specifically, in the use of the combination of adsorption res.n tower - H*- 
Z TcZ exch SlSSST- f-uoride-form anion exchange resin tower - carbonate or bicarbonate-fonm anion 
» exchanoe resin tower Z H-type cation exchange resin tower, it is preferred that the liquid feed pump 14 be disposed 
where The aqTe us hydrogen eroxide solution is fed to the adsorption resin tower and where the aqueous ydroge 
peroxide so.u ion havig beenfreated with the adsorption resin tower is fed to the HMype cahon exchange resin tower 
fS n the present invention, prior to the above purification operation by means of punfier towerfs), ,t ,s p efe ed 
at a coagulan!be added to the charged aqueous hydrogen peroxide solution and passed through a superf ne MUk 
.5 "Thereby remove insoluble metal ion impurities contained in the aqueous hydrogen peroxide solut on as .oftd .mpu- 
Sies This Zaton is preferably performed before the treatment o, aqueous hydrogen peroxide ^solution wrth the ,on 
c ang r in. In the freatmenl using the adsorption resin tower thefittration may be P-^^T^JSi 
or after that treatment. However, filtering before the treatment with the adsorption resin tower « preferred because 
impurities can be removed with extremely high efficiency. altr , hl , IP H m water used in 

20 [0073] These insoluble metal ion impurities, like the soluble metal ion impurities, are attributed to water used 
nroduction floatinq dust and materials of production apparatus. 

ro w Tne coagulant is added to coagulate insoluble metal ion impurities in the aqueous hydrogen peroxide , solut on 
c X it they cTbe separated by filtration. Generally, a phosphorous compound is used as t e coaguian As t e 
phosphorous compound there can preferably be used at least one phosphorous compound se ^»»^9™P 
,5 consisting of phosphoric acid, po.yphosphoric acid, acid sodium pyrophosphate, am,notr,(methylenephosphon,c acd) 
and its salts, ethylenediaminetetra(methylenephosphonic acid) and its salts. 

ra0751 After the addition of the phosphorous compound, it is generally preferred that the mixture be aged for at least 
one L e pecllly one to five days. The aging may be carried out with or without stirring. By virtue of this aging. 
Soluble %££!£1L in the aqueous hydrogen peroxide solution are flocculated and grown to filtered aggre- 
30 oation/arowth to such an extent that they can be separated by filtration. 

Sm I The average pore diameter of the superfine filter for use in the filtration is preferably 0.2 urn o less^sWI 
pSbly 0 11 um oMess. The material constituting the superfine filter is not particularly limited as long as no compo- 
nents teached nto the aqueous hydrogen peroxide solution are contained therein, and is, for example, selected from 
rmong S^WWW, resL (e.g. ,po.yethy.ene or polypropylene), polysul.one resins and poiycarbonate res- 

" X ^^Tj:^T a U water may be added to the thus obtained aqueous 

En to thereby adjust the concentration of hydrogen peroxide therein. Suitable u.tra-pure water ,s one from which 
impurities have been removed to a desirably high degree. aaue ous hvdroqen 

r00781 As a result of the above purification operations, there can be obtained the highly purif ed aqueous nyarogen 
oerox de solution whereof the impurity concentration has been reduced to ppt level or its vicinity. 
Zm Furthermore in the present invention, use can be made of the charged aqueous hydrogen peroxide sol on 
STwhic ^organT mpurities have been removed to a high degree by known methods. Also, from the highty puntad 

SdFurtW. disorder 

SS iSSFZ lTe« invention will further be illustrated below with reference to the following Example which in no way 
^Z^l^^ were measured by the flameless atomic absorption spectroscopy, the ICP-AES 
method and the ICP-MS method. The ppm, ppb and ppt are all on the weight basis. 
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Example 1 

ro0831 Acid sodium pyrophosphate was added to a 60. 1 % by weight aqueous hydrogen peroxide solution containing 
Son imourihes as Led in Table 1 below so that the concentration ot acid sodium pyrophosphate was 0.070 g/l>t. 
^ZSSS^L* still for 3 days to thereby effect aging, and passed through a filter of 0.1 urn average 
^KaT?^ of metal atom Al as a component of the meta, ion Impurities to P atom as a component of the 

J! ^ 3 St stage HMype cation exchange resin tower, a heat exchanger, a bfcarbonate-ion-form an,on 
etc h nge re ?n towe fecondttage H + -type cation exchange resin tower whiie controlling a liquid feed pump ,n 
c ope atln w t^ a L sensor so as to maintain the flow space velocity (SV) a. a constant rate o 15 hH. In each of 
th S er towers the aqueous hydrogen peroxide solution was caused to flow downward (downflow). and the liqu.d 
2— that the liquid surface was he.d above the ion exchange resin layer. The passing ° 'h-queou 
hydrogen peroxide solution through the bicarbonate-ion-form anion exchange resin tower was carried out wh„e coohng 
the aaueous hvdroqen peroxide solution to -3»C by means of the heat exchanger. 

00851 The Zeneraton of the above ion exchange resins was performed with the use of another ,on exchange 
SeJ— disposed separate from the aqueous hydrogen peroxide ^^S^^ e , 
rnnftei A oroduct of reqeneration of used SK1B was utilized as the first-stage and second-stage HMype cation ex 

hange res ns T o%Twe h aqueous hydrochloric acid solution was utilized as the regenerant The regenera ,on 
o?the cahon exchange resin was carried out by packing the cation exchange resin into a regenerate towe d.fferen, 
from the purmer towers and by repeating 10 times a step comprising downflow of the aqueous regenerant solution 

Z Z owel 7a SV of 2.25 and at a BV of 0.75 L/L-R, discontinuing the passing o, t < , aqujou. re =t 

StheZeratth 

[0087^ ^product of regeneration of spent SA20A was utilized as the bicarbonate-ion-form anion exchange ream. 
Thl Ld Tan on exchanqe resin was first regenerated with sodium hydroxide. A 5% by weight aqueous sodwm hy- 
droxide so ut io was u. I zed aTthe regenerant. The regeneration of the anion exchange resin was also earned out by 
Sg the ^change resin into'a regeneration tower different from .the purifier ^'ow- and b y repeanng « 
a steo comorisinq downflow of the aqueous regenerant solution through the tower at a SV of 2.25 hr and at a BV of 
0 TimZSmZ* the passing of the aqueous regenerant solution and upflow of ultra-pure water hrough the 
tower at ^SV of 13 2 "5 and* a BV of 0.3 lI-R. Thereatter. ultra-pure water washing o. the anion exchange resin 
™<^Ji £Lr» 5 times a cycle comprising downward pass.ng ultra-pure water through the tower at^SV 
of 13 2 hM and at a BV of 3.3 LA-R and upflow of ultra-pure water through the tower at the same SV and BV. Thus, 

aqu^isSS "clonate sola was utilized as the regenerant. The regeneration «*^<£^£ ^ 
also carried out by packing the anion exchange resin into a regeneration tower different from the P«nf«er towers and 
by ?e P eatog M2 times a step comprising downflow of the aqueous regenerant soluhon through the tower a a SV o 

Mmfl ow onri rv Thus there was obtained HCOv-type anion exchange resin. 

[0089] rUeZ ^neZZ, exchange resL were packed in the form of a slurry into the respective purser 

ne purified Jeous hydrogen peroxide solution having been discharged from the final HMype cation exc ang i re am 
tower was sampled and difuted with ultra-pure water from which impurities had been removed to an extremely high 

^LS^HlSn*- atomic absorption method and the ICP-MS method. On the other hand the co «n- 
Sons of impurfties in the charged aqueous hydrogen peroxide solution were measured by the flameless 

atomic absorption method and the ICP-AES method. 

!S — —Q- — - BV ■ 600 UL - R 

corresponding to the end of ion exchange resin life. 
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Table 1 



Metal impurities in charged aqueous hydrogen peroxide solution 


Impurities 


Analyzed value (ppb) 


Al 


770 


Cu 


0.2 


Fe 


4.5 


K 


132 1 


Na 


15160 


Pb 


2 


Ca 


0.6 


Mg 


0.6 



Table 2 Content of metal impurities in obtained 
purified aqueous hydrogen peroxide solution 





Measuring 
limit (ppt) 


Measured 
value (ppt) 




Measuring 
limit (ppt) 


Measured 
value (ppt) 


Ag 


0.5 


ND 


Mg 


0.2 


ND 


Al 


0.2 


0.2 


Mn 


0.3 


ND 


As 


2 


ND 


Mo 


0.3 


ND 


Au 


0.2 


ND 


Na 


0.5 


ND 


B 


4 


ND 


Nb 


0.1 


ND 


Ba 


0.1 


ND 


Ni 


0.7 


ND 


Be 


5 


ND 


Pb 


0.1 


ND 


Bi 


0.2 


ND 


Pd 


0.3 


ND 


Ca 


L 2 


ND 


Pt 


0.2 


ND 


Cd 


0.3 


ND 


Sb 


0.3 


ND 


Co 


1 


ND 


Sn 


0.8 


ND 


Cr 


1 


1 


Sr 


0.05 


ND 


Cu 


0.5 


: ND 


Ta 


0.1 


ND 


Fe 


0.5 


0.7 


Ti 


2 


ND 


Ga 


0.5 


ND 


Tl 


0.1 


ND 


Ge 


2 


ND 


V 


1 


ND 


In 


0.1 


ND 


Zn 


2 


ND 


K 


2 


ND 


Zr 


0.1 


0.1 


Li 


0.02 


ND 





ND: means that the amount of metal impurities is less 
than the measuring limit. 



Comparative Example 1 

[0094] Charged aqueous hydrogen peroxide solution was purified in the same manner as in Example 1 , except that, 
referring to Fig. 4, an outlet portion of the liquid feed pump was fitted with a bypass with a valve for regulating the liquid 
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feed except that the space velocity (SV) was set (or 1 5 hr ' by the valve at the initial stage, the flow rate not controlled 
thereafter, and except that no level control was effected in the purifier towers. 

[0095] As a result, bubbles slowly began to stick to the anion exchange resin in the form of bicarbonate ions so that 
not only was the flow rate lowered but also a liquid surface rise and pressure increase began. The growth of bubbles 
led to formation of a shortcut and caused disordering of ion exchange band. Upon an elapse of BV = 75 UL-R the i SV 
was decreased to 5 hM and leakage of Al. Na, etc. began. The aqueous hydrogen perox,de solution was sampled 
upon an elapse of 8 hr, and the hydrogen peroxide concentration thereof was adjusted to 31 % by weight. In the resultant 
solution the concentration of Al impurities was 60 ppt, and the concentration of Na impurities was 50 ppt. 



w 



Claims 



1 A process for producing a purified aqueous hydrogen peroxide solution, comprising passing a charged aqueous 
hydrogen peroxide solution containing impurities through a purifier tower packed with an ion exchange resin, a 
chelate resin or an adsorption resin to thereby purify the charged aqueous hydrogen peroxide solut.on 

wherein there are provided a feed pump of given output capable of causing the charged aqueous hydrogen 
peroxide solution to flow to the purifier tower and further a flow sensor capable of sensing a flow rate of charged 
aqueous hydrogen peroxide solution being fed to the purifier tower and wherein the output of the feed pump is 
controlled in cooperation with the flow sensor so as to bring the charged aqueous hydrogen perox.de solut.on into 
contact with the ion exchange resin, chelate resin or adsorption resin while maintaining the flow of charged aqueous 
hydrogen peroxide solution at a constant rate. 

2. A process as claimed in claim 1 , wherein the output of the feed pump for the charged aqueous hydrogen peroxide 
solution is controlled by means of an inverter. 

3. A process as claimed in claim 1 or 2. wherein the flow rate of charged aqueous hydrogen peroxide solution is 5 
to 40 hr 1 in terms of space velocity. 

4 A process as claimed in any of claims 1 to 3, ....,„ -,u:„ 

wherein the flow rate of charged aqueous hydrogen peroxide solution is controlled so that its vanat.on falls wrth.n 

the range of ± 2.5%. 

5. A process as claimed in any of claims 1 to 4, _ mc . ln 
wherein any part brought into contact with the aqueous hydrogen peroxide solution .s composed of a fluorores.n. 

6 An apparatus for producing a purified aqueous hydrogen peroxide solution, comprising at least one purifier tower 
' packed with an ion exchange resin, a chelate resin or an adsorption resin, through which a charged aqueous 
hydrogen peroxide solution containing impurities is passed so as to effect contact thereof wrth the ion exchange 
resin, chelate resin or adsorption resin, thereby purifying the charged aqueous hydrogen peroxide solut.on, 
40 which apparatus further comprises: 

a feed pump of given output capable of causing the charged aqueous hydrogen peroxide solution to flow to 

rSowsensS rapable of sensing a flow rate of charged aqueous hydrogen peroxide solution being fed to the 
45 purifier tower by means of the feed pump, and ...... „ „, , ho 

a flow control unit capable of controlling the output of the feed pump on the basis of a detection result of he 
flow sensor so as to maintain the flow of charged aqueous hydrogen peroxide solution being fed to the punfier 
tower at a constant rate. 

so 7 An apparatus as claimed in claim 6, wherein the flow control unit is an inverter control unit capable of controlling 
the output of the feed pump for the charged aqueous hydrogen peroxide solution by means of an inverter. 

8 An apparatus as claimed in claim 6 or 7, wherein the flow control unit is one capable of controlling the flow rate of 
charged aqueous hydrogen peroxide solution being fed to the purifier tower so as to be in the range of 5 to 40 hr 
55 in terms of space velocity. 

9. An apparatus as claimed in any of claims 6 to 8, wherein the flow control unit is one capable of controlling the flow 
rate of charged aqueous hydrogen peroxide solution being fed to the purifier tower so that its vanat,on falls w,th,n 
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the range of ± 2.5%. 

10. An apparatus as claimed in any of claims 6 to 9, wherein any part brought into contact with the aqueous hydrogen 
peroxide solution is composed of a fluororesin. 

11. An apparatus as claimed in any of claims 6 to 10, which further comprises a level sensor capable of detecting a 
water level in the purifier tower and a level control unit capable of maintaining the water of the purifier tower at a 
constant level on the basis of a detection result of the level sensor. 

12. An apparatus as claimed in any of claims 6 to 11, which further comprises a pressure sensor capable of detecting 
an internal pressure of the purifier tower and a pressure control unit capable of maintaining an internal part of the 
purifier tower at a constant pressure on the basis of a detection result of the pressure sensor. 

13. An apparatus as claimed in claim 12, wherein the pressure control unit is one capable of effecting such a control 
as to carry out not only stopping of the feed pump but also feeding of cooling water into the purifier tower on the 
basis of a detection result of the pressure sensor. 

1 4. An apparatus as claimed in any of claims 6 to 1 3, which further comprises a temperature sensor capable of detecting 
an internal temperature of the purifier tower and a temperature control unit capable of maintaining an internal part 
of the purifier tower at a constant temperature on the basis of a detection result of the temperature sensor. 

15. An apparatus as claimed in claim 1 4, wherein the temperature control unit is one capable of effecting such a control 
as to carry out not only stopping of the feed pump but also feeding of cooling water into the purifier tower on the 
basis of a detection result of the temperature sensor. 

16. An apparatus as claimed in any of claims 6 to 15, which further comprises a strainer arranged at a bottom part of 
the purifier tower, said strainer comprising a filter and, disposed thereunder, a flange member having at its center 
a liquid drawoff port and having open grooves disposed substantially in the form of concentric circles : said open 
grooves communicating with the liquid drawoff port. 

17. An apparatus as claimed in any of claims 6 to 16, wherein a plurality of purifier towers are connected to each other 
in series. 

18. An apparatus as claimed in any of claims 6 to 1 7, wherein a plurality of purifier towers are connected to each other 
in series, and the flow sensor and the flow control unit are arranged at a line for feeding the charged aqueous 
hydrogen peroxide solution to the first purifier tower. 
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Fig. 1 
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Fig. 2 
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